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The b e s t  method of attaching ce13. c ~ e l t s  t o  cel l  ease has 

been esaablished t o  be by hsliarc welding. 

been ps~fected and are in o p e r e t t i . ~ ~  

cells  are now bedng delivssed, 

old aahear seal to the present coaflgcrat5ora- which permits amla welded 
Cdl8, is sut l imed .  

Tools &ad techniques have 

AI1 aelded, hermetically sealed 

Tize developens-. of the s e d ,  from the 

!&e P i l o t  Plant equipment and prcrcessas are descrfbed. The 

P i l o t  P lant  €or assembly of h e m c i c a l f y  scaled csPle i s  p r s s t i c a l l y  

complete equipat-wise ., 

utiliased EO attain a steady flaw of product through the line, and CQI%- 

t inued improvements are being made to reduce the rejection rate, 

Industxfsti engineeritg techniqxee are b e h g  

A derivation of equations for the heat flow w i f ; h i n  a c e l l  fs 

Further data ie presented on elm electrical performance ob presented. 

the VO-6HS c e l l s  at high and 3-m temperatures. 
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*%e deslgn and estzrblia-merit of a pilot production line, re- 

quires certain fundmental prerequisiteo. Bib line raust sene t o  pro- 

duce reasonahae quantities of the eel2 spc?cificalfy i n  mind 8t its con- 

ception, and it mst also  have % flexdble capability of producing cells 

of sther designs. The prosessea developed in the Pilot Plant w i l l  have 

considerable bear?-ng upon the d e s i g n  of future cells. With chis in mind, 

we proceeded to d e s i g n  and estabaiah the  best  and most flexible lin@ that 

we could, 

Pilot Plant at3 it E?XfBtS at ffhi3 Pnolr,ent, COI%S$St8 Qf @SS@n- 

t i a l l y  two separate but pasal?.e1 lines j o h i n g  for ehe final assembly. 

Since thie is a P€lot Plant, eqaipent i a  grQiped more for comrenlence In 

installation and senegetion of types of operatioxas rat?ier than on B mater- 

ial flow basis ,  It ia  assumed g h a t  variations i n  cell construcfion will 

from time to time alter the material flew within the Pilot Plant. 

8 The P i l o t  Plant urea 1s located l a  the center of the new b u i l d h g  

of the Alkaline Rattery Dfvisdon of Guiton Industries, at Bktuchen, New 

3ersey. 

for the preservation of cleanlimss, reduction of h-umidity, and control of 

temperature during the assembly of hermeticaPly sealed cells for satellite 

This Pilot Plant area is completely cndcsed and air-conditioned 

applications. 

The areas of this p l a ~ t  which are generethg the noat intereat a$ 

this t h e  are the manufsceure of the cerambc-eo-metal seal slid the fin.& 

closure of the cell .  

seals are the Rimey Vacuum ayseems wtfsh their furnaces and the Veeco MISS 

Spectrometer &l%m Leak Detector 

The basic equipment used to make and evaluate the 



%%e Kilaney ZW-4,OO Vacuun; sys&emp w i t h  a L:.O VOPC p m e t  supply and 

furnaces of our own design, has been r!ze work-horse of ehe Pllot Plant for  

dnvelopi*ng and producing cenmic-to-metal seals. ‘%his l i t t le  unit was 

purchased first for i t s  f l ex ib i l i ty  i n  pz fomlng  ;:he desired operatiarm, 

Figure 1 is a picture of th is  machine. 

is the vibration trarasrnieted through the  v&cuum connections from the mech- 

aatcal pzpna 60 the bed of the machine. 

The m e  drawback to this  machtne 

When it  Secme evident that e larger maclrine was needed t o  heredfe 

anticipated d a n d a  for produetion, a Hhmeg P-2 Wcuum system best wet our 

requirements and we8 purchased. This machine is pzesently assembled w2th 

two groups of 8 furnaces each, giving a, total of 16 furnaces which can be 

loaded shEtaneously and f ired in rsbatian from two 40 volt power suppiies, 

The actual flow of m e t a l  at each seal may be observed by the operator so 

that uniform products, may be produced. 

The d@ve%opnt  of the furnaces played an importent part i n  ob- 

ttslning good seals. 

of the seal w i l l  f l o w  at marly the sane t?he. Any shortfng of coils by 

vacuun~ depctsired materials from the sealing o~erst:.on resulted in subse- 

quent rejections on fsllowlng seals. A covering for the hearing element 

which shielded i t  from deposits rand yet was not a w b s t a n t i d  heat barrier 

was developed, and is  now being used on all ftirta~~ces. 

Each furmice msE give an eve12 heat so that each part 

Each seal which passes 8 visual inspection mist be carefully 

checked for leakage. 

to be an excellent machine for testing these s c a t s ,  A s e d ,  properly fix- 

tured on this machine, can be tested Tor Q 1,caI.age rate oE the order of 

l O a l o  cc of helium par second. me t e s t  procedure:: have been set up 80 

t k s t  i f  there 9s any detectable leakage, even though it is oE an order 

whkh could bc tolerated, the seal 2s zejected, This ~ I ~ I I ~ ~ B ^ ~ Q s  seals 

The Veeeo ;I.Ts 9ABG €klhm L e d .  Detector has proven 



which have flms which could becam enlarged mder service condftions. 

This Veecs leak detector, Fhgure 2 ,  i 8  a l a 0  used to check the 

final closure of a c e l l .  The entire cell may be fixtured under a b e l l  jar 

which is connected to the deeector. The cel l  i s  evacuated and back filled 

with helium. Anything that l e ~ k s  from the cell to the b e l l  Jar 3.8 detested. 

h y  cell that can pas8 this test  with a pressure of 20 ps ia  of h@lium within, 

is a good c e l l .  

While the closure of a cell is af utwst  iaportance, the elements 

A good container is of 118 value i f  %he within the cell are also important. 

elenrent within is capable of gemsating pressures that exceed the capacity 

of the contQbi~er. To th is  end, Lwo zequirenenta m a t  be m s t :  the cell 

must be capable of recombislng the oxygen formed at the positive plate 

during overcharge, and hydrogen evolutton m s t  be completely sugsessed 

during QO-1 operation. To attain this objective, considerable care met 

be given to the formation cycle for the e1eeErodes. 

A formation pask consists of 8 positive plates and 9 negatives 

with a Dyne1 and Bisksn separator wrapped as ahawn i n  Figure 3. 

ling the plates i n  small groups, fn t h i s  ranner it fs Fsssj-b$a to handle large 

quantities and still &s8e88 the gt.tal-h&y of all the plates. 

setup is shown in Figure 4. 

entire pack containing this  plate can be dissarded with iw great loss. 

Prior to formation, a l l  plates are given ce close inspection for any de- 

fects, particularly OQ the edges. 

By hand- 

The Eormatfon 

If the capacity of any one plate is low, the 

Following the formation cycI%s, the pletes are thoroughly washed 

bn a spray bath which removes 01% of the potassim hydroxide from the 

places. Tke efmRng O f  thls  bath PS cr3-ticsal since the plates mst be 

washed clean, but tr=last be removed frm the wash beFore any corrosion occurs 

along the edges of the steel fozzcda~lon of ~ l ~ e  plates. The plates are 
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mashed gram the vsa& i n t ~  dry?:ig Q W ~ S  whre %tsy  m e  rapddly dr%ed a2 a 

tenprsrture 0% 5QOG. 

Until the plates are requirsd for ce l l  acscmblly, they are stored 

in  plastic cmteiners. ?late tabs are cut  to Length during this  time, the 

positive tab8 being one k%y$A, %he aegatAves a diffetene kngt'n, This 

makes it virtually h p s a % b l e  for electrode aese&Xies to be -de in a 

mixed manner, or for the plates to be connected to terminals in improperly 

reversed polarity. 

spotted at one of the many inspections prior to the f i n e l  cXosire of the 

cell 0 

The difference 05 plate  length would certainly be 

The use of FrO'Gper fixtures f&r catt-lng tabs, welding combs to 

packs, staaightening comks btfcer welding, and Ir;r,sei.-ting the separator 

terieal; greatly fac i l i ta te s  the Ic'iEaSrl assembly. Some of these are a h m  

i n  Figures 5 and 6 .  

pressed, 

cell, particularly on ove~char~;e when oxygen is fo:.med &t the posi.tive el.e-,cprac?~ 

but remains ddesolved a d  trdtnsfers t o  the rzegative plate by diffuglian through 

the flooded separator. 

maximum overcharge capability, and therefore the seperator is compressctd be- 

tween the electrodes. 

must be cmpraeeed t o  be inserted. 

pack is checked for ehorts. 

All electrode stacks of Y'0-6HS cells are heavily cm-  

This compression is necessary for t b e  proper functioning of the 

The diffusion path shculd be as short as possible f o ~  

The case is so designed tlxa;: the electrode stack 

While under maximum empression, the 

With the pack Inserted, the cell is F.BW closed, using ehe new 

welding techniques and the Arcofix heliarc welding ma chin^^ 

sinking protects the Internal structure o f  &he eel3 end the ceramic-to- 

uK?ta?. seal. 

PW-H h a a  

%e backs.fillfng sta6:9on of Eke Veeco lAS3-ABC trnik is 'ETOW used 



ko check the seal of the entire cell, 

the pinch tube, to  the manifold outlet of the back-fill station, and 

tested as previously outlined. 

e lectrolyte ,  the anourkt being carefully controlled, and valve and gauge 

asaemb1lles atteched by ~ 8 1 1 s  af a coLIet fkttfng on the pinch tube. 

Tle cell is f ixtwed,  by mean6 of 

Successful cells are then f i l l e d  with 

We now kawe what amounts to cmp',etad cell6 Which mst now be 

conditioned and te8ted electrically. 

ampere power supply ha8 been fnscaPled and a cycling pane1 is being com- 

pleted i n  the Pilot Plant. 

contemplated size cell autmasmaticalbly. A t  present some e l e ~ ~ e n t s  are being 

used to cycle cells unt i l  the complete uszit can be pl&.ced into o~~?r8tio~2.  

?%e cells sham in Figure 7 were cycled using th i s  equipment. 

For th is  purpose, 8 50 wolt 300 

This panel, when cmpleted,  will cycle any 

The fimd steps in the manufacture of the cell8 comis t s  of 

closing the pinch tubes, removing the gauge u n i t ,  welding the pinch tube 

eight, and making final electrical te62s and leak checka prior t o  shipment. 

The two most critical pieces of equipment i n  the P i l o t  Plant are 

the Kinmy PZ Vacuum System, and the Veeco 

there should be & failure of the former piece of equipsent, production of 

seals would be very seriously P h i t a d ,  s b c e  the ?W 4GO unit cmld not 

make o tenth of the quantity the E2 can make. The leak detector, due go 

the many inspection operations reqtapced of i e ,  i s  being used at m i m m  

9-MC Le&& Iktector. If 

c a p c i t y  n~kr, andl €I SUpgl@IW!Xl~d. unit, FOSSibby Sin MS 9AB Ucit, W i l l  SOQn 

be required to meat the work load and to provide back up in cas". of Fal.1- 

ure on the primary unit.  



To date ,  a total. o f  78 TQ-6HS type cells b v e  been delivered 

to NASA, Table 9 1:bsts the el.ectrical characteristics recorded for de- 

livered cells. Of this  total,  43. were delivered to f i l l  a need for seZXs 

to evaluate electrically, and Were knwn to have bper€oet seals. The 

taps of them! cellsr were potted in  epmy ts give xs t ight  A seal as pose 

sible for the t e s c s ,  

Of the ielance of the cells deli.ver:ed, 25 have welded ckosures 

and are frrz~ctioabng as h.ermet:lcaXly sealed cells, and 12 are sf soldered 

final electrical, test .  When these cells have been checked aut by th.e ini-2 

tiel cycling, overcharge t e s t s  and short t ~ s t s ,  the tubes will be piseked 

off t o  remove the pressure gauges and then phcheJ isgd welded closed, ~ S Y -  

ing (B truly all welded cell. 



Electrical History of TO-6BS Ceals 
Delivered to NASA 

NOiZ: The celbs hwiag a suffic P on the serLE1, n-iunber were not considered 
hermetically sealed, bat were d e l f w x e d  to fill, a. need for cells for 
prototype ewluation of e lectr ica l  charncterlstics. 

120 P 
313% 
135 
136 
14 1 
3 4 4  
1-55 P 
156 P 
157 P 
15 8 
160 P 
161 
163 P 
168 
170 P 
171 
I74 P 
182 P 
183 P 
185 P 
187 P 
189 P 
190 P 
191 
194 B 
195 P 
B96 P 
797 P 
198 
201 P 
2% P 
208 P 
410 B 
212 B 
214 P 
215 P 
2'3.6 9 
218 B 
219 
224 P 

1 A95  
1.495 
1.461 
1 .461 
1.410 
1 A15 
1.495 
1.495 
1.495 
1.425 
1, -495 
1 e495 
I. .495 
1 e495 
B .400 
1.495 
1.400 
1.495 
1.50 
1.47 
1 a 5 7 5  
1 e 4 1  
1.495 
P 0495 
1 e504 
1 A50 
1 .450 
1.60 
1.495 
1 a495 
1 0495 
1.50 
1 .60 
1 e46 
1 .$S 
B .45 
a .495 
IL .5Q 
1.43. 
3. .48 

36 
22 
44 
24 
24 
3 

17 

75 

114 

75 

5 
5 
21 
22 
8 
2 
5 
27 

5 
8 

35 

4s 
5 
35 
12 
45 

20 
33 

5 

8 amp8 6.8 AB 
3 " 8.04 AH 
3 7.53 f,B 
3 " 7.68 AH 
3 'I 7.23 AH 
3 7.23 AH 
3 I' 6.90 Ai3 
8 I' 6.0 AH 
8 " 6 , Q  AX 
3 It 6.48 AE 
8 'I 6 .0  AH 
3 'I 6.99 AE 
8 " 6.4 AH 
8 6.48 m 
8 I' 6.3 AH 
3 I' 6.48 AH 
8 'I 6.0 
3 " 7.23 AH 
3 'I 6.03 AH 
a 6.0 rn 
3 6.75 AB 
3 I' 6.3 AM 
P " 7.23 AM 
S I' 6.0 AB 
3 " 6.75 AH! 
8 6.2 AH 
8 " 6.08 AR 
3 I' 7.23 AH 
3 " 6.7 AH 
3 'I 7.23 AH 
8 " 6.64 AH 
3 'I 7.23 AH 
3 " 7.23 AH 
3 " 7.50 AH 
3 7.50 AH 
3 " 7.23 AH 
8 'I 6.64 AH 
3 " 6 - 3 5  AH 

7,s m 3 I1 

3 '' 6.75 AH 

1.430 

1.440 
1.440 
1.430 
1.495 

I .46e 

1 A 2  

1.44 

I A4 

1.60 
1 A51 
9. .45 
1 .525 
1.48 
1.495 

1.505 

1.60 
1.498 
1.495 

1 S O  
1-60 
1.49 
1 .SO 
3.45 

1.51 
1.43 
1.42 

43 
37 
24 
24 
18 
2 

12 

35 

30 

5 
2 
8 
13 
5 
0 

5 

5 
9 
35 

50 
5 

27 
20 
45 

13 
16 
5 

11. 
25 
25 
25 
25 
25 
12 
11 
11 
25 
11 
25 
11 
24 
11 
25 
11 
12 
12 
12 
12 
12 
12 
24 
12 
11 
11. 
12 
12 
3.2 
11 
12 
12 
12 
12 
12 
11 

24 
12 

a 12 

1.31 

1 . 3 1  

1.32. 

1.20 
1.20 
1.20 

1 2 0  
1.28 
1.23 
1.23 
1. .2Q 

a .a3 
1.25 
1020 



c 

TABLE I. - Cont'd. I 
1 
1 
I 

Electrical 
&I1 hercharge 500 m8 Capacity Check Overcharge 500 rn No. of §here Tese 
Serial No. Volts PSI To 1.0 F' . _I- Volts PSI Cycles Voltage - 

225 P 
227 P 
229 P 
230 P 
232 
233 P 
236 
240 P 
25 0 
255 P 
262 
263 
264 
265 
266 
26 7 
268 
271 
273 
274 
275 
276 
278 
279 
280 
282 
283 
as4 
285 
286 
287 
288 
289 
291 
292 

1.39 
1.50 
1.46 
1 .a54 
1.51 
1 S O  
1.40 
1.42 
1.45 
1.52 
1 A 0  
1 .so 
1.50 
'1. .495 
1.495 
1.50 
1.40 
1. .40 
1 .SO 
1.40 
1.50 
1.50 
1.49 
1 .IC0 
1.40 
1 A 5  
1 045 
1.45 
1.45 
1 A 5  
1.45 
1 e45 
1.50 
1 .so 
1.45 

17 
43 

5 

47 
21 

0 
42 

7 
12 
13 
BO 
23 - I10 
38 
0 
31 
12 
-5 
10 
-8 
25 
12 
45 
56 
24 
20 
61 
18 
6 

a7 

3 amps 6.20 AX 
3 mps 7 * 7 4  AH 
3 I' 6.99 AII. 
3 7.59 AB 
3 6.9 AH 
a 7.08 AH 
.2 It 6*48 A?i 
3 7.29 AH 
3 It 7 3  AH 
3 It  6.75 AH 
3 It 7.4 AH 
3 I' 6.5 AH 
3 It 7.4 AH 
3 I' 6,2  Kd 
3 'I 6.2 
3 '' 6.9 Az;I 
3 'I 6,9 AX 
3 '' 6.8 AH 
3 a' 6.5 AH 
3 It 6,s AH 
3 I' 6.2 BM 
3 I' 6.8 AH 
3 I' 7.5 AH 
3 w a.3 AH 
3 It 6.7 AH 
3 'I 7.8 AH 
3 It 6.9 AH 
3 6.9 AH 
3 7.9 AH 
3 'I 6.9  AH 
3 " 6 , 9  AH 
3 7.6 AH 
3 l8 7.3 1wt 
3 I' 7 - 3  aa 
3 *' 6 - 4  AH 

1.45 
1 .so 
1.50 
I .49 
1.45 
1.50 
1 e46 
I .43 
I .so 
1. .50 
1.425 
1.423 
1.425 
1.425 
I .42!5 
a .45 
B -4-5 
1.425 
1.43 
1.425 
1.425 
E. .45 
1.425 
1.45 
1.425 
1.50 
1.45 
1.45 
1-45 
1.45 
1.425 
1.425 
1.45 
1.45 
1.45 

11 
12 

7 
15 

5 
44 
29 

20 
20 
24 
21 
24 
43 
26 
22 
18 
22 
26 
8 
39 
19 
9 
31 
24 
4 
8 
37 
37 
4 
14 
10 
15 

12 
12 
12 
12 
24 
12 
24 
12 
24 
12 
10 
10 
10 
10 
10 
PO 
10 
1.0 
10 
18 
10 
10 
10 
10 
10 
20 
PO 
10 
10 
10 
10 
IO 
10 
10 
10 

1.20 
1.25 
1.25 
1.25 
1.25 
f .25 
1. .25 
1.23 
1.285 
1.25 
1.20 
1 .a0 
1 .ao 
1.28 
1.20 
1 .%8 
1.20 
1.20 
1. .20 
l .2Q 
1.20 
1 ..20 
1.20 
a e 2 6 8  
1.28 
1.28 
1.20 
1 .20 
1.20 
1.20 
1.20 
B .20 
1,20 
1 .a0 
1.20 

Those calls serial numbered from 262 - 292 axe welded mad perfectly 
hexmetically sealed and tested. 
and have been thoroughly checked out e2ectzically as v7ell as mechanically befg+e 
delivery. 

They have passed erpcry quality control check poiat 



At the beginning Q€ this C O S ~ H ~ C ~ ,  the Alkaline Battery Divi- 

in cooperation with the Ceramics Divi- s ion  or' Gulton Industr ies ,  Lnc. 

sion, had developed a ceramic-to-metal seal and succeeded in incorporat- 

ing th ia  seal Pnto 8 EiickeB-cadrclimi cs3.1. When the first attempts ware 

made t o  produce a qaantity of sealed cells, t h i s  seal was found t o  have 

some shortcomings. 

s t ep  which resul ted i n  a skress concentration point. 

shear stresses ware exerted upon the ceramic, during the final closure of 

can t o  case, the cermic was dsrilgiged. 

The ceramic shape wequired for t h i s  s e d  had a sharp 

When t ens i l e  and 

Therefore, s t e p s  were taken to modify the design of the seal. 

A new seal design was conceived, which resulted in comprassiw prestressing 

of the ceramic as the seal was panerwted. An end condition was discovered 

i n  which the compressive stress of the teriniml to the ceramic was reoult-  

ing i n  P shear load which set up frcrc'cures in the ceramic. A minor change 

cleared up t h i s  d i f f i cu l ty ,  and we had the basic seal upon which to build 

the cell.  

The seal ing process requires meticulous care Pn the assembly of 

parte and t h e  placing of sealing elemeats. This bposes a great raspsnsi- 

b i l i t y  upon the technician making the seal assembly to  repeatedly assemble 

each uni t  with the required care and ckeanliness. It has been demonstrated 

that a good technician can consistently produce seals of very high qual i ty .  

The next probleln encountered VJW I r a  rhe -king of the f i n a l  

closure of the cell. 

j o i n t  between the cover &ad the case comes In20 relatively close proximity 

with the ceramic-to-metal seal at varioi;s points on its circumference. 

The re=a~ul,t was that uneven stresses induced i n  the cmer by the operation 

of welding Ehe cover t o  the cas?, were destroying the ceramic-to-metal seal. 

Due to the small s i ze  o f  the "$0-6 HS cell ,  the 



Three possihle solutions tst  t2lis probilexi were apparent; the joint 

could be removed from the area of -ihe seal, heat sinkfng could keep the 

heat =gay from the seal, or a Iower tenpcrrture mzthod of sealing the cells 

could be found. The first Eethod was ruled out, because it would add a sub- 

stantial m.ouet of weight tc the c.elP. 7 % ~  second method was ruled out ke- 

cause i t  was considered t o ~  d l f f i c i l c  to obtain adequate h.eat sinking in 

the area6 involved, This  left  the Asst method, n%mdy, to f ind  8 solder 

with suffieiene strength and resistance i70 electrolyte - 
Many natexiajis were scremed to find a wlder  wfth suftable re- 

siszance t o  p~tassitua kyds-oxide. 2fep;eSLs and solder coapanies were contacted 

and the field service snd top ir.ech;ric,aI consul tn~;s  0 2  the mrtjox companies 

were cabled in  for consul ta t icn ,  The fizXd narrowd to a cedrnium-sFlver 

solder or a lead-silver solder.  

was selected. 

which could be seldereii t o  the C Q V ~ Z  e.Stes the ~ 0 ~ 3 1 :  'had been joined t o  the 

CPbBB by welding. 

seal 

tev fs t ics  of the solder, the desired joint  c<iuld me: 1 ) ~  made consistently. 

2%e cadmltim s0kkx being a harder solder 

hn ateeapt was made to c~kn,cIi :::he seal to a separate ring 

This conflgQration Was x '~ !EczZed .  to 8s She floating type 

However, d.ue to @eats.in t c h m w ?  condditiazs and the fhwf-ng chate.c- 

The next s t e p  we8 to lcalrc the sea? direcLly BO the cover, and 

then solder the whole cover into place. Enough sccce3s BQS schievcd with 

early models of t h i s  cmf€gt?ration Co encourage fustRsz development along 

t h i s  Lhe. 

ing to the cover. 

axid psessure tests with rSgnificane S E C C ~ S S  . 

Ths C Q W ~ . ~  ?#as redesigned to accoEmoda&! tkt.3 nw? method of join- 

A mmber sf dummy cells were rrtde a d  subjected t o  le& 

PP m e  assembly of ce?.Ls proved t~ be a di?Eerzne: nmzeer. ??lie f lu;:  

requi red  eo zmke e:Rc s.3lde-m: jo in t  prov'ed l:zs3ful I:o t7.3 electL-ade. By e:t- 

ercis:.zI~ very df.3igan-t: Care :_a the BGXz:'r?3.il-g o p r  EO3,  2:z w m  possible 



to minimize the e f fec t ,  and produce a suitable c e l l .  

solder proved t o  be a major problem s h c e  it  flowed very poorly, and the 

temperature at which it flowed, vas very close t o  the temperature at which 

it vaporized. %-e F.eC r e s u l t  was tha t ,  while some good cells could be 

made, the reject PBT'B was exorbitant. In a large nmber of cases, the 

ceramic-to-metal see1 w a s  being destroyed by the r igo r s  of making the f i n a l  

closure. 

of heat, and the loca l i t y  of the heating. Technical comul tan ts  from Lepel 

Company and Handy aF.d Xarru8n Company wake called i n  to perfect the process. 

The closeness of the flow temperature o f  the solder to the vaporization 

point created problem. 

SO that t h i s  opesation was never able ts mra o i x t  consis tent ly  good cells 

which would withstand cycling and vibra t ion  tes t ing.  

"he handling of the 

A Lepel irrductioa heater was employed t o  t r y  t o  l i m i t  the amsunt 

The f i t  of the cmer t o  the case wae very cr i t ical ,  

A few sells were made with the lead silver solder, which behaved 

be t t e r  than the cadmium solder as %UK 8s flow was concerned, but proved to 

be too weak for reliable joints when the cells were t es ted  for repeated 

shock and vibrat ion,  

During t h i s  period of experimentation to &vise a good closure 

method for the can to cover jo in t ,  the c e l l s  were shock accelerat ion sad 

v ibra t ion  tes ted under electrical  load. No discont inui t ies  of electrical 

performance were observed, no resonances were observed, and the ceramie- 

to-metal 8eaB i t s e l f  stood up very well. Shock tests were run as high as 

50 e .  
This brings us t o  the current state of the art of making henwt-  

i c a l l y  sealed cells. Refhement of the techniques of making the ceramic-to- 

netal seal, and the aquis3-ti.m of a hr2ie .c~ velGing machine having excel lent  

control  of the arc, have -de t h e  product-lon of &R el1 welded cel l  an nccom- 

ylished facto 



The ueldi-ng oparatirrn a:?pessed most feasible, but technique aEd 

tooling were seceasehry. 

tion, 

sign and fabricate jS38 and fixtures for holding and cooling the cells 

du~ing weld. ‘Ehe welding consn1tt;nt e?so trained oihr operators to make a 

rapid  and perfwe weld. During August, Xessrs. Uayrae Stafford and Joseph 

Albert OP Space Technology Laboratories vis i ted us to observe the welding 

operation. Mz, Albert is a metelkurgist a d  a welding expert, and he was 

thoroughly convinced Chat mir approach to the problem w a s  sound, and that 

the resulting weld appeared to be sstPsEactary. 

open in  cross section, and examined and found t o  be sound. 

The %in& Xirco Labs xere contacted for consulta- 

An expc”,art heliarc. welder ~ 8 8  reEaaiwd OR B consulting basis to de- 

Several welds were cut 







I 
I 
I 
I 
I 

1 .  
I "-'I 

v -  



I 
1 
I 
I 
I 
1 
i 
I 
I 
I 
I 

I 
1 
I 
1 
I 

Beside Che study OX the heat transfer direct ly  from the cel l ,  meam 

of transferring heat from the ce l lo  within a battery pack are being szuciied, 

The use of slaunirnuu sheers 0% apgroxlmteky 1/32 inch thick, coaeed in  such 

a nanner as t o  rrake them good electrical  inntlatorE but R O ~  reduce the thermal 

transfer too greairt!.y, have shown great prmiss i n  transferring heat, 

sheets were placed between cells in l i e u  of the regular Insulators, but con- 

nected to a h a t  sink, reduced the opesating icemperature of an interril ce l l  

atb much as 40 Fo 

These 

0 

Some of the heat transfer analysis fer scaled cells is already be- 

ing applied to the development of a 20 arnpore-tiour battery for the OAO power 

supply which i e  a FMA project, being guided by &erannan Aircraft Engiueering 

Corporation, who h a  subcontracted Zo &Iton Industries for the battery. 

For the 20 ampere-hour cells, Figvres 8 snd 9 show 68 plot of inter- 

nal cell t a p r s t u r e  versus time, PE ts7e3.3, 8% electricsl cell characteristics 

versua time for mbiemt conditions a€ 83OF end 106CF, respectively. 

be seen fn both cases, t h a t  dtzring t:le chargi-ag cycle, the isternal c e l l  

temperature of the cell reaains constant. 

charged, the i n t e r s d  teqerature begins to increase, and the cell goes into 

arz overcharge condition et the 8 &apere charge rate. kcoking at the e lee tr i -  

cel  characteristics, one again ~ e e s  a corzstent teminal voltage untel a 5tatc 

of svexcharge is reached, at which zhe ^co,minsl voltage Begins to increase 

It con 

?:wever, once the ce l l  is Z"ul.1~ 
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and reach a plateau 8t bz higher voltage. When the  cells  were placed on 

the 1.4 apere overcharge, the internal  temperature decreased to e con- 

s t a n t  value, and ren-ained there €or the remainder of the  test cycle. 

Three dhna€on&l  therm1 gradients were constructed fo r  the 

celL during the charge, overcharge, and disclarge segments of the cycle, 

€or both ambient cor.ditioIls. (Figure8 10 - 21) 
From the  Pigures it m y  be seen t h a t  the lower two-thirds of 

the cell  run8 hot te r  than the uppx one-third. 

fact tha t  i n  the upper th i rd  of the ce l l ,  there are no cel l  p la tes ,  and 

therefore no chemicd reaction takes pPacz i n  th ie  portion of t h  cell. 

This is evident from the 

B. Electrical Cherrbeteristic8 Of The V0-6HS Cell 

The VO-6HS cells previously reported i n  Report No. 1 under t h i s  

contract  have continued to  be cycled and a t  t h i s  time have reached the I780 

cycle point with 308 depth of discharge fox each. cycle. 

not deteriorated.  Cell pressure has not increased and end-of-charge v02.tage 

and end-of-discharge voltage are still at quite  acceptable valuea. 

da ta  is ohown In  Figure 22. 

C e l l  capacity has 

This 

Additional electrical da ta  has been obtained a t  high and low tem-  

Figure 23 shows the overcharge voltage charac te r i s t ics  at  4 8 O F  peratures 

and 120°F superimposed on the or iginal  da ta  sheet slimfrrg t h i s  charactsr-  

i a t i c  at  77OF. Studies of cell performance at low temperatures indicate  

thst charge acceptance and continuous overcharge capabi l i ty  are reduced, 

Ar: high temperatures l2O0P charge ef € iciency is reduced, and recharge charge 

can only be accomplished at high rates (C rate) o r  fo r  impractically long 

periods of t i m e  a t  low rtztes ( 9 0  hours at c/iO rate). 

treme temperature o x t a t i o n  and R & D on methods to improve cel l  performance 

a t  these Low temperatures appear to be worthrd~ile Eilture projects 

Further study of ex- 
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1. Fabrication Of- Cells 

The elimination of solder and the radcsign of cell components 

for welded construction appears to have eliminated a l l  mejor barriers 

to the production of completely sealed cells.  

2. Establishment O f  A P i l o t  Line 

The naajoz- cmpanente of the pilot l i n e  ere in place. Refinement 

of csxtsin techniques and equipcent t o  increase production and reliabil- 

i t y  will contiuue. 

3, Research And kwalopnent 

A method of analyzing 8 cell configuration for optimum heat trans- 

After the inethod is sutstaneiated by experimental re- fer is available. 

su l t s ,  we  w i l l  have a useful tool to use in  deixrmining optimwn configur- 

ations of cells. Investigation of the problems iiwolved in removing heaz 

from the inside of a cel l  to e beat sid; has rctsulted i n  reduced tempera- 

ture gradient8 within ei battery configuration. 

V8-6HS cells have been continuously cycled in a 30% depth of d i s -  

0 Overcharge data at 40 B Indicates a reduced charge for over 1700 cycles. 

csapabillty at this low temperatme. 3a:a was also collected at 120°F. 
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PHASE I, Fabrication Of C e l l o  

Naze all welded cells w i l l  be deliiered. Thirty-five of 

these cells are to  be delivered to the Goddard Space Fl ight  

Center by September 30, 1961. 

The design of the 80-6'dS cell w i l l  be Btudied fur ther ,  

and any changes that w i l l  improve rhe fabricat ion,  function, 

or relPsbility of these cells w i l l  be incorporated i n  the pro- 

duction cell. 

PHASE 11. EstsPbPishment Of A Pilot L i n e  

Consideration is being given 'so the problem of machine 

capacities and backup x~achines to cover poasible breakdm of 

eosent ia l  equipment. 

oiquee will be made to  increase production capabi l i ty  and re- 

l i a b i l i t y .  

Further study of the production tech.- 

PHASE 111. Research And Jkveloprat 

Experimental configuration of the derived heat transfer 

equations will be obtained. 

of heat transfer i n  sealed cells will continue. 

Further analysis  of the mechenism 

Evaluation of the  e'bectx-ical charac te r i s t ic8  of the V0-6HS 

ce l l  w i l l  continue, particularly at: high and law temptatcrcs 

and on continuous cycle with a 540 minute cycle. 

made of chtzrge efficiency at high Cemgeratures. 

Studies wtll be 
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PHASE 911, (6ostSxm.d) 

Thin plate cells w i l l  be studied and prototypes built to 

detemirra If 20 watt-hsurs per  pound is achievable with this  

geometry. 

Evuhmtion w i l l .  be done at 16.5°F for separator materials 

of potetlttal Interas.; 
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NAME HOURS WORKED 

Re C. SHAIR, Director of Research 48 

H. N. SELGER, Section &ad Physical Research 2 

Bo Jo DMHALL, Mechanical Engineer, Froject Engr. 263 

He Tu STAUB, Mechanical Engr., k s s t .  Proj. Engr. 392 

A, CIERDfK, Electrical Engineer 

R. FLEQBENSTEIN, Jr. Electrical Engineer 

L. ANDWEWS, Oraftsmen 

J, ALFIERI , Jr . Mechanical Engineer 
D, MOWEX?, Jr. Wchanical Engineer 

J, LO MONTE, Production Engineer 

ASSEMBLY LABOR 

C, "NINGSEEJ, Jr. ElectricP1 E n g i n e e r  

M. ROBINS , Snaustrial Engineer 

An KQWALSKI, Jr. Electrical Engfwer 

J. CARTER, Section Head Ik?velopment 

Total 

Quarterly Direct Labor Cost 

46 

368 

49 

424 

432 

492 

2133 

16 

236 

40 

104 

5085 

$13 * 093 
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